Verbal fluency is a widely used neuropsychological paradigm. In fMRI implementations, conventional unpaced (self-paced) versions are suboptimal due to uncontrolled timing of responses, and overt responses carry the risk of motion artifact. We investigated the behavioral and neurofunctional effects of response pacing and overt speech in semantic category-driven word generation. Twelve right-handed adults (8 females), ages 21-37 were scanned in four conditions each: paced-overt, paced-covert, unpaced-overt, and unpaced-covert. There was no significant difference in the number of exemplars generated between overt versions of the paced and unpaced conditions. Imaging results for category-driven word generation overall showed left-hemispheric activation in inferior frontal cortex, premotor cortex, cingulate gyrus, thalamus, and basal ganglia. Direct comparison of generation modes revealed significantly greater activation for the paced compared to unpaced conditions in right superior temporal, bilateral middle frontal, and bilateral anterior cingulate cortex, including regions associated with sustained attention, motor planning, and response inhibition. Covert (compared to overt) conditions showed significantly greater effects in right parietal and anterior cingulate, as well as left middle temporal and superior frontal regions. We conclude that paced overt paradigms are useful adaptations of conventional semantic fluency in fMRI, given their superiority with regard to control over and monitoring of behavioral responses. However, response pacing is associated with additional non-linguistic effects related to response inhibition, motor preparation, and sustained attention.
Introduction
Verbal fluency paradigms have traditionally been applied as a factor in the assessment of verbal intelligence (Thurstone, 1938) and as an index of frontal lobe functioning (Milner, 1964 1998), to help define the roles of frontal areas involved in normal language processing (Cuenod et al., 1995; Pujol, Deus, Losilla, & Capdevila, 1999) , and to give insight into the functional maturation of language systems in children (Gaillard et al., 2000 (Gaillard et al., , 2003 .
The most common measures of verbal fluency are phonemic (letter-based) fluency and semantic (category-based) fluency. In the conventional version of a verbal fluency paradigm, production of exemplars is unpaced (self-paced). Subjects are given a period of time (typically 1 or 2 mins) in which to generate freely as many exemplars as possible from a given category (e.g., 'words that begin with s' for phonemic fluency, 'animals' for semantic fluency).
Functional neuroimaging studies of unpaced verbal fluency paradigms in healthy adults have shown involvement of a variety of regions, including premotor cortex, superior and middle
